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Abstract. Extreme environments harbor such unusual bacterial groups that distinguish form normal ones with noteworthy
bioactive molecules. The aim of this study was the isolation of UV-tolerant Actinobacteria and spore-forming bacteria strains with
antimicrobial activity from the Algerian Sahara desert. Three soils were used in this study, two of which were from the Algerian
Sahara desert (Melghir and Taghit) and one from an agriculture field within the university field (Algiers). Suspension/dilution on
agar media followed by 15 min of UVC exposure were applied as protocol in this work. From all the irradiated plates, 46 colonies
were best retrieved from both the two Algerian Sahara desert soils while less (24 colonies) from the university soil. In total, 29
distinct colonies were selected and analyzed for their macro- and micro-morphology and antimicrobial activities from which 10
strains were distinguished as UV-tolerant Actinobacteria and spore-forming bacteria with at least an antimicrobial activity against
one test-microorganism. These isolates were also subject to enzymatic screening for amylase, caseinase, and lecithinase using
culture dependent methods and for the presence of genes coding for putative antifungal compounds using a polymerase chain
reaction (PCR) based method. In this study, we report the presence of a potential strain GT11 from the genus Bacillus with a
particular activity against the pathogen fungus Fusarium oxysporum f. sp. albedinis. In addition to their UV-tolerant character, the
presence of genes coding for putative antifungal compounds, combined with the antimicrobial activity against a broad range of
indicator strains and their enzymatic potential, this would make these bacteria stains suitable for sustainable biotechnology
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applications.
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INTRODUCTION

Urgent discovering for new antibiotics are
worldwide required to tackle human, animal and plant
pathogens in particular these which have developed
resistance against existing antibiotics and or where
biological solution is mandatory.

Among the well-known pathogens to human and in
many animal hosts, methicillin resistant
Staphylococcus aureus (MRSA) has been known as
one of the main pathogens associated with the
development of antimicrobial resistance. The advent of
AMR in S. aureus has been well registered in Algeria
and worldwide and this throughout different molecular
mechanisms [7].

As an example of the devastating phytopathogens
in plant kingdom the fungus Fusarium oxysporum f. sp.
albedinis that causes dangerous disease called Bayoud
in date palm (Phoenix dactylifera L.). Knowing that
dates are one of the most important crops growing in
Algeria, Arab world and some neighboring countries
disease caused by this pathogen is devastating to the
local population and to national economies [13, 14,
36].

Biological solution is highly required for these and
many other pathogens throughout the search for
antimicrobial agents and or highly adapted and
efficient antimicrobial producers. One particular
research worth opportunity is the search for such
solution in non or less explored environments like
deserts. These microorganisms isolated from such
ecosystems have the capability to survive the harsh
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conditions like high pH, desiccation, high temperature,
soil salinity, and intense solar radiation [16, 38].

The Sahara is the largest hot and dry desert in
Africa. It extends on 9 millions km® from Mauritania to
Egypt. This immense arid region can be considered as
a paradigm of extreme environment for life because in
these ecosystems the main limiting factor is water
combined with highly and drastic contrasted
temperatures. During the day, at the surface of the
desert, the water is almost absent due to high
temperature and high level of sunlight irradiation, and,
except to some rare rainfall events, the only other
source comes from dew. Under this limiting situation,
there is a direct link between light intensity and water
availability [25].

Algeria stands among the countries which are
covered mostly by the Sahara, nearly 80 percent of the
total surface of the country, yet we have been less
interested to its bacterial biodiversity comparing to
other environments. The few investigations show a
poor microbial registered diversity: only (134/194861)
bacterial registered sequences as observed using
keywords (Algeria desert/ desert) and filtering for
bacteria on NCBI Nucleotide database or better, 404
sequences, when using keyword (Algeria sahara)
(https://www.ncbi.nlm.nih.gov/nuccore: accessed in
August  2020) [23, 24, 38, 39]. Interestingly, from
these studies it has been noticed rare and remarkable
worthy microorganisms, mainly some Actinobacteria
and aerobic spore-forming bacteria strains which
flourish under such extreme conditions and play a key
role in the ecosystem, we might cite few newly isolates
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Melghirimyces  algeriensis  [2], Melghiribacillus
thermohalophilus [3], Virgibacillus ainsalahensis [5],
V. natechei [6], Thermoactinomyces khenchelensis
[29].

The ultraviolet are invisible wavelengths to the eye
yet remarkable by their effects. We now define the
ultraviolet range as roughly the 10-400 nm wavelength
region. UV radiation can be divided into three sub-
regions: UVA (400-315 nm), UVB (315-280 nm) and
UVC (280-100 nm), we can also add the 10-180 nm
range which is known as the vacuum ultraviolet
because the radiation can be transmitted only by a
vacuum [15, 20].

Similar to human, animals and plants, micro-
organisms are very susceptible to UV radiation, due to
their small size, short generation time and the absence
of shield or pigmentations in many cases [44]. The
biological effects of UVA are habitually attributed to
enhanced production of reactive oxygen species, which
results in oxidative damage to DNA, lipids and
proteins [37]. UVB and UVC radiation cause direct
DNA damage by inducing the formation of DNA
lesions (photoproducts), most remarkably pyrimidine
dimers, which block RNA transcription and DNA
replication [32]. However, some microorganisms
overcome these extreme effects and withstand daily
exposure of UV particularly some strains of bacteria
found in desert. These bacteria have developed
different degree of resistance to UV radiation [25, 30,
371.

Many studies have been interested either to the
isolation of microorganisms from these extremes
environments for studying adaption mechanisms to
different extremes parameters of temperature, salinity,
desiccation, and UV tolerance or for the potential of
their biomolecules worldwide and locally [10, 12, 16].
However, to our knowledge this is the first time we
investigated the potential of production of
antimicrobial agents from UVC tolerate bacteria strains
isolated from Algerian Sahara. We reported in this
paper about the isolation of some selected bacteria
strains from the unique and extreme ecological niche of
the Algerian Sahara after high UVC exposure and their
screening for antibiotic production against methicillin
resistant  Staphylococcus  aureus (MRSA) and
Fusarium oxysporum f. sp. albedinis, along with
molecular profiling of genes for bioactive compounds.
We believe that this ecosystem has not been studied for
detailed for UV tolerant bacteria, so this seems to be

Actinobacteria and spore forming UV tolerant bacteria
diversity of the Algerian Sahara.

MATERIALS AND METHODS
Isolation and morpho-cultural study

For enumeration and isolation of UV-tolerant
culturable bacteria three soils were used: two soils
from the Sahara desert: Taghit (T) (West) the second
from Melghir (M) (East), and the third from the
university field of Algiers (University of Sciences and
Technology Houari Boumediene: USTHB, Bab-
ezzouar) (U) (North Center of Algeria, an agricultural
field), this last soil was used as the control soil sample.

Nearly 1 kg of ten composite samples of 100 g
distanced 20 cm from 1-5 cm depth of each of the soils
were collected on March 2018. The same soils have
been previously characterized in different studies
(Table 1).

Approximately one gram sample of each composite
samples soil was placed in each of two tubes
containing 9 mL sterile saline solution (0.9 %, and 10
% NaCl w/v). Tubes were vortexed for 5 min then soil
particles were allowed to sediment for 5 min. A
volume of 0.1 mL of the liquid phase was spread onto
the surface of each of the five different culture media
used in this study: nutrient agar (NA) (with and
without 10% NaCl w/v), Widdel and Bak agar (BW)
(with and without 10% NaCl w/v) [45], and
International Streptomyces Project 2 (ISP2) (with 10%
NaCl w/v) [28]. In this experiment, twelve plates of
each medium were irradiated and three others were
kept as non-irradiated as control plates. Irradiation was
performed for 15 min using UVC laminar flow cabinet
lamp (distance 45 Cm, TUV30W G30T8 25PK,
Philips).

Plates were kept at 30 °C and the growth of
microorganisms was evaluated daily for three weeks.
Total counts of colonies were reported, and
distinguished ones with Actinobacteria and spore-
forming bacteria morphology were purified and stored.

The selected bacteria were tested for antimicrobial
activities against: methicillin-resistant Staphylococcus
aureus (MRSA) ATCC 43300; two Gram negative
bacteria were used Escherichia coli ATCC 25922, and
Pseudomonas aeruginosa ATCC 25853; and against
Fusarium oxysporum f. sp. albedinis a pathogen
fungus of date palms provided by (Laboratoire de

the first comprehensive report on culturable Recherche sur les Zones Arides, USTHB). Bacterial
Table 1. Characterization Soil samples from previous studies
Sample Soil type M(E;Zr)ure mceitrtgein(l‘;) pH C(zrrfél/ztrlr\;)l ty Na Cl K Ca Reference
. Saline Alkaline
Melghir . Amarouche-
(M) g/L soil/ Clayr 1.8 0.35 8.22 68.935 96.3 199.3 2.7 12.15 Yala 2009 [4]
Loamy soil
Taghit Babhri et al.
(T) mg/L Sand 0.26 0.5 8.1 0.545 18 13.5 8.8 79.2 2012 [9]
University \
campus Fine-loamy 35 4.6 6.95 0.46 1050 1250 186 259  Denhabyleset
al. 2020 [11]
(U) mg/Kg
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Figure 1. Isolation and selection procedure applied in this study for active UV-tolerant Actinobacteria and spore-forming bacteria

target strains were cultured on nutrient agar at 35 °C
and the fungus at 25 °C on Sabouraud agar.

Hydrolysis of casein is tested on nutrient agar
supplemented with 10% of skimmed milk by
inoculation of 10 pL of bacterial suspension and
incubated at 30 °C/ 48 h; a positive reaction is reflected
by appearance of a transparent halo around the colony.
Amylolytic activity was detected on Tryptic Soja Agar
(TSA 1/10) supplemented with 1 % starch; after a spot
inoculating, dishes are incubated and revelation is done
by flooding dishes with an iodine solution (lugol).
Starch hydrolysis results in a clear halo around the
colony, unlike blue-starched areas. Revelation of
lecithinase was carried out on a nutrient agar
supplemented with an emulsion of egg yolk and
distilled water (2 mL/20 mL). Then, the opacification
of agar around the colony reflects the presence of a
lecithinase while the appearance of a white opaque
halo means the presence of lipase [28].

Fig. 1 shows isolation and selection procedures
used in this study.

Molecular identification and screening

Bacterial strains of interest were identified using
16S rRNA gene sequencing. PCR was performed for
direct amplification of 16S rRNA gene. Universal
primers designated 27F (5°-
AGAGTTTGATCMTGGCTCAG-3") and 1429r (5°-
TACGGYTACCTTGTTACGACTT-3’) were used
[27]. The PCR mixture formed with 15 uL master mix
(Sigma, UK), 1 puL each of forward and reverse primers
(10 uM each) (Sigma, UK), 1puL of Bovine Serum
Albumin (10 mg/mL) (Promega, Madison, WI, USA),
and 7 pL sterile distilled water in a final volume of
25 ul. PCR was performed with Mastercycler pro
(Eppendorf). Agarose gels (1% w/v) were photo-

graphed after staining with ethidium bromide at
0.5pugmL™" with a minivisionary imaging system.
Sizes of the fragments were estimated using the
Fermentas 1 kb Plus DNA ladder (Fermentas, UK).

The nucleotide sequencing for the 16S rRNA gene
for prominent bacteria strains were carried out by
GATC Biotech (UK). The isolates were identified
using the EzTaxon-e server (http://eztaxon-
e.ezbiocloud.net/ accessed in August 2020) on the
basis of 16S rRNA sequence data [26].

From the selected strains, these with antifungal
activity were subjected to molecular screening for
genes coding for antimicrobial compounds using two
primer sets (Table 2). The sets of primers were
designed by Tapi et al. [1, 43] amplified adenylation
and thiolation nucleic acid domains genes of the NRPS
(Non-Ribosomal = Peptide = Synthetase)  system
implicated in the biosynthesis of active lipopeptides of
fengycins and bacillomycins.

The PCR conditions for the screening of NRPS
system  biosynthesis genes were  determined
experimentally for the sets of primers Abl1-F/Tbl1-R
and Af2-F/Tfl-R. To find the correct annealing
temperatures for each pair of primers, a PCR using an
annealing temperature gradient was carried out in an
Eppendorf AG (Hamburg, Germany) Mastercycler
gradient. The PCR thermal cycle program included an
initial denaturation at 94 °C for 3 min, followed by 30
cycles, with a denaturation step at 94 °C for 1 min, an
annealing step of 30 s, at 45 °C with Abl1-F/Tbl1-R,
and 40 s with Af2-F/Tf1-R followed by extension step
during 45 s at 72 °C for both primers. Final extension
was performed at 72 °C for 10 min. The PCR mixture
consisted of 1.5 uL of each primer (20 uM), 12.5 pL
(1.2 uM) of Master Mix (Fermentas GmbH, St-Leon-
Rot, Germany), 8 uL of H,O, and 1.5 pL of DNA
template (10-30 ng uL") in a final volume of 25 pL.

Table 2. List and characteristics of primers used in this study

Primer . Expected fragments Non-ribosomal

names Sequence of primers HyC size (bp) identified lipopeptides References
Af2-F/ GAATAYMTCGGMCGTMTKGA 34 . Tapi et al. 2010 [43]
TfI-R GCTTTWADKGAATSBCCGCC 72 443,452,455 Fengycins

Abl1-F GATSAWCARGTGAAAATYCG 16 428, 431. 434 Bacillomvein Abderrahmani et al.
TblI-R  ATCGAATSKCCGCCRARATCRAA 32 b acrlomyeins 2011 [1]

HyC: a Coefficient of hybridization calculated as described by Tapi et al. [43]
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A volume of 10 puL of the amplified products after PCR
was analyzed by electrophoresis in 1% (w/v) agarose
gels stained with ethidium bromide (0.5 pg mL™). The
gels were visualized with an Ultraviolet Illuminator
and Digital Recorder (Geldoc Bio-Rad, Hercules,
USA). PCR was scored positive when a band of the
appropriate size was visualized on the agarose gel.

RESULTS
Enumeration and isolation

Regarding cultural diversity different culturable
bacterial communities have been noticed for different
soils on the used media. Overall and without
irradiation, colonies of microorganisms were most
pronounced on (NA) and (NA with 10% NaCl) for the
university soil, best on BW and BW with 10% NaCl
from Melghir soil (for both over 300 > colonies) and
most noticed on BW for Taghit (77 colonies). After 15
min of irradiation drastic effect on microbial
abundance and diversity for different soil and for all
used media was observed. From all irradiated plates 46
colonies were best retrieved from both 2 soils Melghir
and Taghit while 24 colonies from the university soil
(Table 3).

From all the irradiated plates of the three soils 117
colonies were developed from which 29 distinct
colonies were selected and analyzed for their

morphology  (macroscopic,  microscopic)  and
antimicrobial activities. Only 10 strains were
distinguished as UV-tolerant Actinobacteria and spore-
forming bacteria with an antimicrobial activity against
at least one test-microorganism. These strains were the
subject of testing for the following experimentations
with 6 isolates from Taghit (on: 4 BW, 2 NA), and 4
from Melghir (all on NA) (Table 4).

Both UV-tolerant and antimicrobial activities were
tested twice to confirm these properties. All strains had
a positive antimicrobial activity against methicillin-
resistant Staphylococcus aureus (MRSA). In addition,
5 of them had an activity against Escherichia coli
ATCC 25922. The strain GM3 had an antimicrobial
activity on three tested bacteria and the strain GT11
had an antimicrobial activity against Fusarium
oxysporum f. sp. albedinis (Fig. 2).

Most of the strains had caseinase activity and 4 had
either amylase or lipase and two strains (GM2, GT1)
produced all the three enzymes.

From the morphology description we could
distinguish that 8 of the strains were Bacillus related
and 2 strains belong to Actinobacteria phylum.

The molecular screening for potential genes of
antifungal compounds on the only active strain GT11
revealed a band of expected length of 450 (bp) for
fengycin. Another band is generated and this due to the
nature of the primers (degenerate primers) (Fig. 3).

Table 3. Microbial abundance with and without irradiation for different soils and on different isolation media

Site  Bab-ezzouar
Media ()
Non-irradiated
ISP 2 10% 9
NA >300
NA 10% >300
BW 25
BW 10% 0
Irradiated
ISP 2 10%
NA
NA 10%
BW
BW 10%

Taghit (T) N:;,'[gcl;‘)"
0 0
21 17
4 39
77 >300
0 >300
0
0
17
0
29

Figure 2. Antimicrobial activities of some strains among the selected strains (a) antibacterial activity against Staphylococcus aureus (b) against
Escherichia coli. (c) antifungal activity against Fusarium oxysporum f. sp. Albedinis
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Table 4. Isolation site, applied media, antimicrobial activity, enzymatic activity, and morphology description of the ten selected strains

Tests Soi . Ant1m1§r_oblal Enzymatic activities Macroscopic studies
oil Isolation activities :

\ . dia Microscopy Size . . . .
Strain orgin me Ec Pa Sa Fos A C L (mm) Form Elevation ~Margin Surface  Opacity Consistency
GM2 M NA + - + - ++ + + Isolated rods 2 Circular Convex Undulate  Rough Opaque dry
GM3 M NA + + + - ++ + - Isolated rods 1 Punctiform  Plane Entire Smooth  Opaque Creamy
GM4 M NA - - + - - + + Isolated rods 2 Irregular Raised Undulate Rough  Opaque dry
GMS5 M NA - - + - ++ + - Isolated rods 2 Circular Flat Entire Rough Opaque dry
BTO’17 T BW + - ++ - ++ + - Filamentous 1 Circular Flat Entire Rough  Opaque dry
BM2 T BW + - + - - - + Isolated rods 1 Circular Flat Entire Smooth  Translucent  viscid
BT2 T BW + - + - ++ + - Filamentous 1.5 Circular Flat Entire Rough Opaque dry
BT’0 T BW - - + - - - + Isolated rods 2 Irregular Raised Undulate  Smooth  Translucent Creamy
GT1 T NA - - + - + +++ + Isolated rods 2.5 Irregular Flat Undulate  Smooth  Opaque Creamy
GT11 T NA - - + + - +++ + Isolated rods 2.5 Circular Flat Entire Smooth  Opaque Creamy

M: Melghir ; T: Taghit

Ec: Escherichia coli ATCC 25922

Pa: Pseudomonas aeruginosa ATCC 25853

Sa: methicillin-resistant Staphylococcus aureus (MRSA) ATCC 43300
Fos : Fusarium oxysporum {f. sp. albedinis

A: Amylase

C: Caseinase

L: Lecithinase
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500pb —» Y
400pb —p .

Fengycin Bacillomycin

Figure 3. Agarose 1% gel electrophoresis of PCR products from
genomic DNA of two strains (GT11: active strain, GM3:
control strain) of the present study with selective
fragments amplification range 400-500 bp using primers:
Af2-F/Tfl-R and Abl1-F/Tbll-R (M: GeneRuler Express
DNA Ladder)

Molecular Identification

Molecular identification of the active strain (GT11)
against pathogenic fungus (Fos : Fusarium oxysporum
f. sp. albedinis) shows that the strain was related to
Bacillus velezensis (at 99.86% of similarity). The 16S
RNA gene sequence of the strain was registered in
NCBI Genbank with accession number (MN822797).
Phylogenetic relationship GT11 is represented in Fig.
4.

DISCUSSION

The need for new active biomolecules from
unexploited environments such as deserts is an urgent
priority due to the severe consequences and the
devastating nature of pathogens antibiotic resistance.
The Sahara desert of Algeria is one of those
environments which have not been yet explored fully
for antimicrobial producing organisms. In this
perspective, we have been following this fascinating
ecosystem, in particularly, soils nearly over 3 decades,
many of which are located in remote and protected
areas. We have been in particularly interested into two
types of soils the saline alkaline soils called Sabkha-
Chott and sandy soil with or without association to
palm trees, oasis. Published data have shown that this
extreme environment may harbor exceptional and
novel bacteria strains which can probably produce new
antimicrobial drugs [22-24].

In addition to media composition and growth
cultural conditions in particular high salinity, we have
been interested in this study to isolate UVC tolerant
microorganisms. Although the UVC region is not
environmentally relevant, it is useful for investigating
the UV sensitivity of microorganisms that are highly
tolerant or insensitive to high doses of UVB, and to
allow understanding of the molecular basis for the
variability in UV sensitivity [37, 40].

Sahara diversity and abundance of bacteria can be
low ranging from 10 to 10* UFC/g of soil where the
physicochemical parameters mainly of the soil are
controlling factors [23]. Applying additional selection
factors during isolation process reduce microbial
abundance and diversity several folds. In our study,

@ Bacillus velezensis GT11
Bacillus velezensis strain CR-502 (AY603658)

Bacillus siamensis KCTC 13613(T) (AJVF01000043)

Bacillus loliquefaciens DSM 7(T) (FN597644)

Bacillus ita strain B-16 (4Y820954)

Bacillus nakamurai NRRL B-41091(T) (LSAZ01000028)

Bacillus vallismortis DVI1-F-3(T) (JH600273)

Bacillus subtilis subsp. subtilis NCIB 3610(T) (ABOL01000001)
Bacillus tequilensis KCTC 13622(T) (AYTO01000043)

Bacillus subtilis subsp. inaquosorum KCTC 13429(T) (AMXN01000021)
Bacillus cabrialesii strain TE3 (MK462260)

Bacillus halotolerans ATCC 25096(T) (LPVF01000003)

Bacillus mojavensis RO-H-1(T) (JH600280)

Bacillus subtilis subsp. spizizenii NRRL B-23049(T) (CP002905)

0.002

Bacillus licheniformis ATCC 14580(T) (AE017333)

Figure 4. Molecular phylogeny of the bacteria strain Bacillus velezensis GT11 and the most related type strains species using partial 16S rRNA
sequences. Alignment was performed using Muscle [17]. The evolutionary history was inferred using the Neighbor-Joining method [35].
The optimal tree with the sum of branch length = 0.03255945 is shown. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000 replicates) are shown next to the branches [19]. The tree is drawn to scale, with branch lengths
in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using
the Maximum Composite Likelihood method [41] and are in the units of the number of base substitutions per site. The analysis involved 15
nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 1388 positions in the final
dataset. Evolutionary analyses were conducted in MEGAG [42]. Bacillus licheniformis ATCC 14580 was added as an out group for this

tree.
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this was observed with drastically decrease when using
UVC comparing to control plates. Regarding general
diversity, isolates were more of Gram positive
Actinobacteria and spore-forming bacteria, one Gram
negative bacterium was distinguished yet none of the
pigmented colonies were present. Cultural biodiversity
and microbial isolation in general and for the UVC
bacteria tolerant depend deeply on isolation site and the
culture media of isolation. More colonies were
developed on both Saharan soils (46 each) than from
the university soil after irradiation. This is totally in
accordance with natural exposition of these soils to
various extreme factors such as very low air humidity,
a nearly complete absence of rains, and most important
to high-flux solar radiation [18, 25]. In a similar study
performed by Paulino-Lima et al. (2013), five sites
from Atacama desert were investigated on three media
LB, TGY and Marine agar. Results have shown for
example that no growth was observed in LB plates
from site 1, neither in TGY plates from site 3, after up
to 7 days of incubation at 28 °C. Marine Agar was the
best culture medium for microbial enumeration of
samples from sites 1, 3, and 5, whereas LB medium
was the best for sites 2 and 4. Samples from sites 2 and
4 showed the highest colony-forming units per gram of
soil as showed in all types of culture media. The
sample from site 3 exhibited the lowest colony forming
units per gram of soil on average, although the lowest
score was observed for site 1 plated on TGY. A total of
39 distinguished colonies with different pigmented
morphotypes were obtained after visual inspection of
all irradiated plates [31].

To protect themselves and resist radiation
particularly to UV, microorganisms have to follow
either or both ways of shield up and cell damage
reparation. From the ten selected strains five showed
creamy-viscid morphology which may suggest the
production of external coat of exopolysaccharides that
are worth investigate for both fundamental and applied
biotechnology. Recently, a particular resistance
mechanism to radiation was revealed by Guesmi et al.
(2019) in strains from the Bacillus group. The
mechanism implicates the production of radio-
protective exopolysaccharides [21, 31].

In the other hand, the intrinsic mechanisms mainly
engaging several molecular and enzymatic processes
for the synthesis and reparations at different levels of
DNA, proteins and lipids are so fascinating with a
potential source of valuable biomolecules and enzymes
[34, 44]. Interestingly, the so called extremozymes in
particular which show a higher level of stability and
activity over a wider range of conditions. The screened
enzymes found in this study (proteases, amylases, and
lipases) would be economically valuable since they
were screened from strains thriving in such particular
ecosystem and are likely to exhibit rare properties
required for biotechnology industries [8, 38, 46].

The different patterns of activity against the
targeted microorganisms observed in this study may
indicate a variety of the produced active biomolecules
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against in particular Staphylococcus aureus (MRSA).
One prominent strain GT11 producing both antifungal
and antibacterial active biomolecules was phylo-
genetically related to Bacillus velezensis. Genomic
analysis has revealed that B. velezensis possesses
strain-specific clusters of genes related to the
biosynthesis of secondary metabolites, which play
significant roles in both pathogen suppression and
plant growth promotion. More specifically, B.
velezensis exhibits a high genetic capacity for
synthesizing cyclic lipopeptides known for their
antimicrobial activity (i.e., surfactin, bacillomycin-D,
fengycin), and siderophore as bacillibactin. Secondary
metabolites produced by B. velezensis can also trigger
induced systemic resistance in plants, a process by
which plants defend themselves against recurrent
attacks by virulent microorganisms [33]. In this study,
we have been able to highlight the presence of fengycin
gene but not bacillomycin one suggesting that the
antifungal activity may be due to this molecule yet a
biochemistry studies in particular using mass
spectrometry is further needed to confirm the chemical
nature of the active biomolecules.

To our knowledge, this is the first time to insight on
UV-tolerant Actinobacteria and spore-forming bacteria
strains biodiversity of the Algerian Sahara desert after
UVC exposition. In this study, we have highlighted the
interesting presence of diverse strains with potential
antimicrobial biomolecules and enzymes. Future work
will concentrate on more cloning and sequencing for
whole clusters and genomes, chemical characteristics,
identification by application of mass spectroscopy, and
other enzymatic and biochemical techniques that would
be more suitable for better determination of the nature
of the elaborated compounds produced by the strains
identified in this study in particular of Bacillus
velezensis GT11.

Finally, these Sahara desert microorganisms should
be investigated and reinvestigated in local and a global
effort to understand not only their physiology,
adaptation and biotechnological potential but also for
their distribution locally and worldwide. Recently, we
reported a terrible ecological accident arrived to one of
the sites of our study that of Melghir with oil pipeline
leak (http://www.aps.dz/en/economy/tag/Oil%20pipeline
accessed: Friday, 04 September 2020 19:23). This is
still under investigation and we do not have clues of
the damages and the changes of the microbial
component within the ecosystem. More studies are
needed to confirm the position of our bacteria and their
adaptation to this new situation.
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